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Introduction
Nowadays the educational community faces the ambitious goal to ensure the high quality of higher education. The implementation of information and communication technologies (ICTs) into all areas of educational activities is still of the key priority. Despite the undoubted advantages of ICT, such as facilitation of understanding and learning, visualization of information, automation of computing processes and creating the conditions for students' independent work, the issue of the efficiency of learning chemical disciplines with the use of ICT still remains understudied. The introduction of ICT into the teaching process at universities is complicated by both weak elaboration of the didactic basis and lack of practical recommendations for its effective use in teaching Chemistry.
The pace of technological expansion passes ahead of processes of psycho-pedagogical understanding of the consequences of ICT implementation. Reorganisation of traditional teaching forms based on ICT faces the problem of teachers' unpreparedness and lack of skills. Therefore, the opportunity for improving the efficiency of ICT-based teaching process is not entirely realised yet.
Researchers pay a lot of attention to the issue of improving the quality of education in the field of chemistry. The role of informatisation of the educational process was discussed by many researchers in their scientific papers [1] [2] [3] [4] [5] . The organisation of ICT-based learning was intended to create the necessary prerequisites for strengthening the fundamental component in teaching Chemistry and providing professional orientation of content of chemical disciplines. Various opportunities to improve students' understanding of chemical materials through the use of ICT were considered in the studies of both domestic and foreign scientists [6] [7] [8] [9] [10] [11] [12] [13] [14] .
However, many studies deal with contradictory aspects of the effective application of dynamic visualisations, interactivity dual effect, etc. For example, the contradiction between advanced opportunities to comprehend complex chemical concepts with the use of computer modelling and impossibility of using these resources in the course of learning chemistry were revealed [15] .Therefore, the issue of effective application of ICT to training in chemical disciplines still remains unresolved.
The aim of the article is to clarify the current state and potential expediency of the use of electronic resources (e-resources) in teaching basic chemical disciplines as well as to develop a general approach to the optimal selection of ICT means for teaching Chemistry at universities.
To achieve the aims of the paper, the following methods were used: questionnaire surveys; expert survey to determine the real state of application of the eresources for teaching chemical disciplines to students; classification for ranking the available e-resources; computer testing to determine personal characteristics of the educational process participants; and statistical methods with the use of SPSS software package to interpret the experimental data obtained. The statistical analysis included samples comparison, data validation, dispersion tests for statistical difference significance (ANOVA package), and correlation analysis for metric (Pearson's statistic) and rank (Kendall's W statistic) variables.
The work was performed at Oles Honchar Dnipropetrovsk National University (DNU). E-resources which seemed to be expedient for learning basic chemical disciplines, such as inorganic, analytical, physical, and organic chemistry, were defined on the basis of the interrogation of teachers and students.
The expedient e-resources were compared with those ones which had been really used during previous years of learning each discipline. The results obtained have made it possible to determine the state of the progress in application of e-resources in teaching Chemistry. The comparison of expedient resources with the ones used before made it possible to select the most relevant e-resources for the further analysis of their necessity and effectiveness in the educational process.
In total, 46 fifth year and MA course students of the Faculty of Chemistry of DNU were involved in the survey. Simultaneously, 18 teachers, professors or associate professors of the Faculty of Chemistry, were questioned. All they have at-least 5-year teaching experience of the above-mentioned basic chemical disciplines.
The attitude of teachers and students towards different e-resources was assessed on the basis of the survey results. The survey involved answering two questions, namely to define the e-resources expedient for application in learning and to assess the state of the progress achieved after the real use of e-resources in teaching. The content of each basic discipline was divided into 15-18 educational units in accordance with its curriculum.
Both students and teachers were asked to rate their attitude towards the necessity and rationality of using a particular resource in teaching/learning each educational unit. The respondents had the opportunity to assess their preferences using two-point (0 or 1 point) system. The null result shows that the respondent does not consider the resource as a necessary means in learning of a given unit. One point shows that the resource is considered as the expedient one for the studying of a given unit. The questionnaires without any answers were not included into the processing of the survey results.
In addition to rating e-resource expediency, the teachers were asked to assess the current progress in resource use on the basis of their personal academic experience. The questionnaires of teaching staff were statistically processed with the use of Kendall's W test in order to determine the degree of consistency of experts' opinions. The values of concordance coefficients (W) were calculated with the use of the statistical package SPSS [16] . The calculated value W = 0.837 at significance level of p < 0.001 proves the presence of the very strong consistency between the responses of the surveyed. It makes it possible to consider the results of the survey to be objective evidence.
When processing the filled in questionnaires, the scores given to a resource by respondents were firstly averaged for each educational unit. Then the unit's average scores were repeatedly averaged for the discipline as a whole to calculate the grade point average for the given resource in relation to the given discipline. Students' expedience ratings and teachers' estimations for expedience and real use were processed separately. Therefore, the following grade point averages were calculated and used for the further analysis: Students' Average Score of Expediency (SASE), Teachers' Average Score of Expediency (TASE), and Teachers' Average Score of Usage (TASU).
In addition, the students were tested by FelderSoloman's Index of Learning Styles Questionnaire [17; 18] to identify the preferred learning styles. The comparison of the results of Felder-Soloman's tests and resource's grade point averages has made it possible to divide all educational e-resources into two groups which are appropriate or inappropriate to preferred learning styles respectively. Available correlations between the revealed preferences in the learning styles and in e-resources are used for the resource selection optimisation for teaching Inorganic, Analytical, Physical, and Organic Chemistry.
The list of e-resources under consideration divided into 11 groups by similarity is shown in Table 1 . In addition, the numbers of the students' preferred learning styles which demonstrate clear correlations with students' attitude to given resources are also shown in Table 1 .
All characteristics of the studied e-resources were estimated separately for each discipline. The use of the common approach, which is described in detail for inorganic chemistry, allowed us to compare data obtained for different disciplines.
Discussion
Application of e-resources to teaching Inorganic Chemistry. In the questionnaire, the course of Inorganic Chemistry was divided into 16 topics compiled in accordance with the existing curriculum. Totally 41 eresources, which can be used in classrooms, were identified in the course of preliminary analysis. The values of TASE were used as the key indicators of resource demand. These values reflected the relative numbers of subjects during the course in which a resource was considered to be expedient for teaching. & photographs  3  1b  Graphs  3  1c  Diagrams  3  1d  Circuitry  3  1e  Tables  3  Animation  2a 3D models 1 2b
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Video excursion to works Figure 1 shows a histogram illustrating the number of resources as a function of TASE. All curves demonstrate clear bimodal distributions. Each of the two modes can be approximated by the Gaussian curves of normal distribution. Thus, all the e-resources can be conditionally divided into two groups corresponding to the resources with high and low TASE. For example, the mean scores for these groups are 0.54 and 0.24 for Inorganic Chemistry. The border between these peaks is located near TASE = 0.4.
Fig. 1 Number of e-resources used in teaching Inorganic (a), Analytical (b), Physical (c), and Organic (d) Chemistry as a function of teachers" average scores of expedience (TASE)
The first group includes the most popular resources used in the teaching of more than 50% of all subjects. Such resources can be called universal (Un). The rating of these popular resources in accordance with their TASE is given for Inorganic Chemistry in Fig. 2a . 
Fig. 2 Ranks of universal (a) and specific (b) e-resources use in teaching Inorganic Chemistry on the basis of teachers" average scores of expedience (TASE)
The second group consists of the resources with lower ratings. A more detailed analysis shows that they can also be divided into two subgroups. A number of the resources were given rather low experts' scores for all units of the discipline, which results in a low TASE. They can be considered as universal resources by their nature but all they are of low priority. They are represented at the bottom of the Fig. 2a . The use of these resources is not critical for teaching a given discipline. Therefore, they may not be considered when determining the optimum set of e-resources.
The rest of resources (Fig. 2b) also have a rather low TASE but they demonstrate different performance in individual educational units. For a number of topics, such resources gain low scores in accordance with experts' estimations. For other topics, they demonstrate a high priority. They can be considered as specific (Sp) resources which are of high importance in teaching some specific topics. Obviously, the importance of specific resources increases in going from teaching basic disciplines to teaching special courses.
Comparison of SASE, TASE and TASU for individual universal resources with TASE > 0.4 and all specific resources are shown in Table 2 . The higher the differences between TASE and TASU are, the more problems in teaching are expected. Fig. 2 , ranks for universal and specific resources were built for all other disciplines. This makes it possible to determine the optimal structure of e-resources for teaching each of the basic chemical disciplines. E-resources of similar functionality were combined into 11 resource groups to simplify their analysis ( Table 1 ). The structures of expedient resources and the ones really used in teaching are shown in Fig. 3a and Fig. 3b respectively.
According to the Fig. 3a' , 5 of 11 available groups cover more than 98% of the total number of e-resources really used in teaching Inorganic Chemistry. A similar situation is observed in teaching Physical (Fig. 3c') and Organic Chemistry (Fig. 3d') . Under conditions of expedient (optimal) resource use, the top five groups cover 79% in teaching Inorganic Chemistry (Fig. 3a) , 82% in Physical Chemistry (Fig. 3c) and only 77% in Organic Chemistry (Fig. 3d) .
In case of both real and expedient resource use, the total share of visualisations in the course of Inorganic Chemistry remains virtually unchanged (31-36%). However, the ratio of dynamic and static visualisations dramatically changes in favour of dynamic visualisations in case of optimal resource use (Fig. 3a) .
The similar situation is typical for static and dynamic visualisations in teaching Physical Chemistry (compare Fig 3c' and Fig. 3c ). The real use of the internet and communications, and static visualisations seems to be redundant in Physical Chemistry while dynamic visualisations and educational software are underestimated.
The use of the educational software together with supervisory test programs amounts to 30-34% in inorganic chemistry. In practice (Fig. 3a' ), supervisory programs for control testing (21%) dominate over educational software (12.9%) while an inverse ratio is expected for optimal resource structure (Fig. 3a) .
The use of e-resources in teaching Organic Chemistry is characterised by the domination of static images and lack of quantum simulation software compared to optimal structure ( Fig. 3d and Fig. 3d') .
In contrast to other disciplines, the difference between real and optimal resource structures is minimal for Analytical Chemistry (Fig. 3b and Fig. 3b') . 
Fig. 3. Group structure of expedient (a, b, c, d) and real (a", b", c", d") use of e-resources in teaching Inorganic (a, a"), Analytical (b, b"), Physical (c, c") and Organic (d, d") Chemistry
The questionnaires were filled in by teachers and students, so if estimates of both sides coincide with each other, there is the possibility for the effective use of eresources. If there is no consistency, some prerequisites for complications of educational process appear. The correlation between the responses of teachers and students is shown in Fig. 4 for specific e-resources with SASE, TASE > 0.05 and highly-scored (TASE > 0.4) universal resources. The data are presented separately for universal and specific resources. According to the teachers' opinion, all resources shown in Fig. 4 are expedient for use in the teaching process. Based on such an approach, 24 e-resources were identified as useful for the optimal teaching of Inorganic Chemistry. 17 of them are universal and necessary for teaching of almost all units (Fig. 4a) , and 7 resources are specific by nature (Fig. 4a') . They are expedient in the learning of a limited number of topics. In contrast, only 10 universal and 4 specific resources are currently used in real educational process.
As follows form the comparative analysis of the survey results, the attitude of teachers and students towards the individual resources is quite different. This may lead to the reduction of their effectiveness.
The resources with similar attitudes of teachers and students are located in the vicinity of the diagonal that is conventionally depicted as a shaded band in Fig. 4 . These resources are equally perceived by teachers and students that makes their application easier.
The resources located below the band are relatively less valued by the students than the teachers. Therefore, they have little chance of being applied in practice. On the contrary, the resources located above the band are more preferred by the teachers than the students. Therefore, in educational practice they are used more often than the other ones. However, they are not accepted by the students very well that can complicate their application and reduce their efficiency.
High scored (TASE > 0.4) specific resources and all universal resources can be defined as the important ones for learning. The comparison of the results obtained for various disciplines showed that the total number of important resources is relatively stable and for all disciplines it varies in a rather narrow range from 18 to 24 resources. However, there is a significant difference in their structure, namely the shares of universal and specific resources change pronouncedly (Fig. 5a) . The largest number of universal resources is expedient for application in Inorganic Chemistry and this number decreases in going from Inorganic to Physical Chemistry.
As known from the structural and logical scheme of teaching, the level of specialisation is enhanced with time of studies. This is reflected in the logics of construction of chronological sequence of chemical disciplines teaching. The largest number of general theoretical problems is considered at the beginning of studying Chemistry in the course of Inorganic Chemistry which is often divided into two parts entitled General and Inorganic Chemistry. On the contrary, Physical Chemistry curriculum contains much more lessons dedicated to specialised subjects. With enhancement of specialisation of basic disciplines, the demand for specific resources is also enhanced, as is seen from Fig. 5a . Figure 5b compares the average scores of eresources on the basis of the students' and teachers' surveys. A high degree of compatibility of the students' and teachers' assessments of SASE and TASE is observed for Organic and Physical Chemistry while a pronounced difference is seen for Inorganic and Analytical Chemistry.
. The numbers of universal and specific e-resources (a) and teachers" and students" grade point averages (SASE, TASE and TASU) (b) in learning basic chemical disciplines
The difference between expedient and real use (TASE and TASU) is rather high for all disciplines that reduces the efficiency of applying e-resources in teaching chemical disciplines at universities. A technology dedicated to the integration of methods, forms and means of ICT, which takes into account students' preferences in both e-resources and learinig styles, was developed to prevent reducing the effectiveness of e-resources usage [19] . In particular, quantitative criteria for the optimal selection of ICT means were proposed to take into consideration the formed learning syle of a particular student group. These criteria include an average score of the preference to a given e-resource calculated on the base of sudents' estimations and a difference between students' and teachers' assessments of SASE and TASE. The developed technology was experimentally tested for teaching Inorganic Chemistry [20] . маційно-комунікаційних технологій. Метою статті є висвітлення реального стану використання електронних
